3 photodegradation of the sample, and blocked completely for pump-probe measurements. For each material system, at least three spots on two separate films were measured. The sample was housed in a N2-purged quartz cuvette during measurements. Changes to the transmission of the probe were detected by an amplified PbSe photodetector (PDA20H-EC, ThorLabs), coupled to a lock-in amplifier (SR830, Stanford Research Systems). Figure S1 . Fluence 
Theory
The polaron theories used in this work require a material parametrization based on an effectivemass approximation for the electronic structure, and a single harmonic dielectrically coupled phonon mode with no band dispersion (i.e. flat).
The band-structure influenced parameters (effective mass, and optical dielectric constant) were set to constants based on the halogen in the perovskite (i.e. the same for different cations), to make the trend due to phonon parameters more clear. Due to the heavy atoms involved, the electronic structure must include relativistic effects (spin-orbit coupling), and the materials are moderately correlated requiring a beyond mean-field (such as density functional theory)
technique. We used effective masses for the iodide perovskites of 0.12 electron masses, and for the bromide perovskites a 20% enhancement of this, 0.144, by analogy with the trend in the tin halide perovskites. 1 Optical dielectric constants are dependent on the details of the higher-lying excited states, and subtle band-gap renormalizations due to exciton effects. Careful measurements of high quality films are likely to be more reliable than electronic structure calculations. We use the refractive indices measured on single crystals with ellipsometry as our reference. Material-specific properties were calculated by plane-wave pseudo-potential density functional theory, in the VASP code. Explicit d-orbitals were used in the electronic structure for the Pb and Sn atoms. The PBE-sol generalized gradient approximation was used, with a 700 eV cutoff for the plane-wave basis. Pseudo-cubic unit cells of the materials were geometry-relaxed with a conjugate gradient method. Phonons at the Γ-point of the Brillouin zone were calculated with density functional perturbation theory. Combined with born-effective-charges at the same level of theory, these eigenvectors were used to calculate the infrared activity of these modes, and thereby the total ionic dielectric response.
The material-specific phonon frequencies, infrared activities and ionic dielectric constants were then combined with the halogen-specific optical dielectric constant and effective masses to fully specify the polaron model for each material. These data were then used with the PolaronMobility.jl codes, 3 to calculate the polaron state and associated transient behavior -most particularly the Kadanoff polaron optical-mode scattering time. Custom codes were written to sum the phonon frequency (energy) over a Bose-Einstein distribution in order to calculate the per-unit cell heat capacity at 300 K.
4 Table S1 . 
